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LAMINATED MICRO ARRAY INTERFACE DEVICE 



BACKGROUND 

A variety of biological and chemical assays have been developed for detecting the 

5 presence of compounds of interest in samples. In the biomedical field, methods for 

detecting the presence of specific nucleotide sequences, proteins or peptides are utilized, for 
example, in diagnosing various medical conditions, determining predisposition of patients 
to diseases, and performing DNA fingerprinting. 

In general, biological and chemical assays are based on exposing an unknown 

10 sample to one or more known reactants and monitoring the progress or measuring the 

outcome of the reaction. It is often desirable to expose a sample to multiple reactants, to 
react multiple dilutions of a single sample with one or multiple reactants, to expose multiple 
samples to a single reactant, or to perform multiple repetitions of a particular assay for a 
given sample, in order to improve reliability. There is currently a high level of interest in 

1 5 the development of high throughput methods for performing multiple biological and 
chemical analyses of this type simultaneously, quickly, and conveniently. 

One recently developed method for performing multiple chemical reactions 
simultaneously is to form a micro array of multiple spots of reactant molecules on a planar 
substrate such as a glass microscope slide, typically in a two-dimensional grid pattern, and 

20 apply liquid reagents and reactants to the slide to contact multiple spots simultaneously. 
Various reaction steps may be performed with the bound molecules in the microarray, 
including exposure of bound reactant molecules to liquid reagents or reactants, washing, 
and incubation steps. The progress or outcome of the reaction may be monitored at each 
spot in the microarray in order to characterize either material(s) immobilized on the slide or 

25 material(s) in a liquid sample. Although it is typical to immobilize known reactants on the 
substrate and expose an unknown liquid sample to the immobilized reactants and monitor 
the reaction between the sample and the various reactants in order to characterize the 
sample, it is also possible to immobilize one or more unknown samples on the substrate and 
expose them to a liquid containing one or more known reactants. 

30 Microarrays are frequently used in analysis of DNA samples, but may also be used 

in diagnostic testing of other types of patient samples. Spots in microarrays may be formed 
of various large biomolecules, such as DNA, RNA, and proteins; smaller molecules such as 
drugs; co-factors, signaling molecules, peptides or oligonucleotides. Cultured cells may 
also be grown onto microarrays. For example, if it is desired to analyze gene expression by 
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studying the presence of particular DNA sequences in a patient sample, the sample is 
exposed to a microarray of spots formed of oligonucleotides having sequences 
complementary to sequences of interest. If the DNA sequence of interest is present in a 
patient sample, it will hybridize with the bound oligonucleotides. The occurrence of 
5 hybridization at a particular spot then indicates the presence, and perhaps additionally the 
quantity, of the sequence associated with that spot in the sample. Hybridization can be 
detected by various methods. One commonly used method involves labeling the sample 
with a fluorescent dye, so that fluorescence can be detected at spots where hybridization 
occurred. Various types of slide readers are commercially available for reading microarray 
10 slides. 

Microarrays offer great potential for performing complex analyses of samples by 
carrying out multiple detection reactions simultaneously. However, a current limitation of 
microarrays is the time and care required to process slides to obtain reliably high quality 
results. The need for high quality processing is particularly pronounced because individual 
15 microarrays slides are expensive and only limited quantities of the samples used in the 
reactions may be available, making it particularly important to obtain good results 
consistently. 

Both manual and automated methods of performing microarray hybridizations have 
been developed. However, to date, no method has been completely satisfactory. In order to 
20 process a microarray manually, reagents or reactant solutions are applied to the microarray 
slide and a cover slip applied to spread the solution out into a thin layer that covers the 
entire microarray and prevents evaporation. Evaporation of solution and non-uniformity of 
the fluid layer are problematic. Moreover, the success of the procedure is largely dependent 
on the skill of the human technician. In addition, the hybridization fluid is static, which can 
25 limit sensitivity. 

Various methods have been developed to overcome the limitations of manual slide 
processing. These range from simple slide processing chambers designed to simplify the 
application of solutions to microarray slides and reduce loss and leakage of solutions, to 
large and expensive machines capable of processing large numbers of slides simultaneously. 
30 Loeffler et al. (PCT publication WO 00/63670, dated 10/26/00) describe a slide 

processing chamber designed for processing microarray slides. Freeman (U.S. Patent 
5,958,760, issued 9/28/99), Stapleton et al. (U.S. Patent 5,922,604 issued 7/13/99), Stevens 
et al. (U.S. Patent 5,605,813, issued 2/25/97) and Richardson (U.S. Patent 6,052,224, issued 
4/18/00) all disclose slide processing chambers not specifically disclosed for use in 
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microarray processing, which however serve to illustrate the general state of the art relating 
to the processing of individual slides. 

Devices capable of processing multiple slides simultaneously in an automated 
fashion are described by Distance (U.S. Patent 6,238,910, issued 5/29/01) and Juncosa et al. 
5 (U.S. Patent 6,225,109, issued May 1, 2001). 

All of the above mentioned patents or applications are incorporated herein by 
reference. 

Devices for automated processing of microarray slides offer advantages in terms of 
reproducibility and ability to process large numbers of slides, but require relatively large 

1 0 sample volumes and are prohibitively expensive for labs that do not need to process large 
numbers of slides. Although reproducibility is significantly improved by automation, the 
results obtained with commercially available instruments may be of lower quality than those 
obtained with manual processing. 

In many applications, it is desirable to mix or agitate fluid on the surface of the 

1 5 microarray during processing. In particular, if the microarray is used to detect materials that 
occur in low concentrations in the liquid sample, the amount of time needed for molecules 
in the liquid sample to diffuse to binding locations on the microarray may be a limiting 
factor. Some slide processing systems incorporate mixing functions but effective mixing in 
low volume hybridization chambers is difficult to attain. 

20 

SUMMARY OF THE INVENTION 

The present invention is a microarray interface device that can be connected to a 
substrate bearing a microarray of spots made up of DNA, RNA, oligonucleotides, proteins, 
or other biomolecules and can provide continuous mixing of sample solutions in contact 
25 with the microarray. Applicants' earlier invention disclosures of various methods and 

systems for microfluidic interfacing to arrays set forth in U.S. provisional patent application 
numbers 60/274,389, 60/284,427, and 60/3 13,703 are incorporated herein. 

The novel microarray interface device is an adhesive laminate device formed of 
multiple thin layers, as will be described subsequently, and is a relatively flexible structure. 
30 It has the advantage of being simple and inexpensive to manufacture. It also has a low 
thermal mass which allows it to be brought rapidly to a desired reaction temperature. 

The array interface devices described herein may be adapted to perform 
hybridizations on conventional 1 " x 3" microarray slides. They may also be readily adapted 
to a variety of different microarray formats. The devices may be adapted for use with 
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various types of slides having different dimensions and slide surfaces. Although it is 
presently preferred that the slide surface be planar, the flexible nature of the device allows it 
to conform to curved surfaces. 

5 Brief Description of the Drawings 

FIG. 1 depicts the assembled device before attachment to a microarray slide; 

FIG. 2 is an exploded view of an embodiment of the device; 

FIG. 3 is a cross-sectional view of the assembled device adhered to a microarray 

slide; 

10 FIG. 4 is a top view of the device attached to a microarray slide; 

FIG. 5 is an exploded view of an alternative embodiment of the device that includes 
a top layer and an adhesive channel layer; 

FIG. 6 illustrates the use of a pipette for filling and waste collection cap for retrieval 
of waste liquids; 

1 5 FIG. 7 is an exploded view of an alternative embodiment with multiple reaction 

chambers; 

FIG. 8 is an exploded view of an alternative embodiment of the device that utilizes 
deflection chambers; 

FIG. 9 shows an alignment jig for positioning the device with respect to the slide; 
20 FIG. 10 illustrates the use of a rolling apparatus used to seal the device to a 

microarray slide; 

FIG. 1 1 depicts a clamp for clamping the device on an instrument; 

FIG. 12 illustrates a clamp positioned over the assembled device attached to a 
microarray slide; 
25 FIG. 13 depicts the placement of a port adapter; and 

FIG. 14 depicts a method of positioning and supporting port connectors with respect 
to the device. 

Structure of Microarray Interface Device 
30 FIG. 1 illustrates the assembled microarray interface device 1. Device 1 is capable 

of binding to a substrate, such as a glass microarray slide 3, to form a sealed reaction 
chamber. Note that while the chamber is referred to as a reaction chamber, for the reason 
that most often a chemical reaction will be carried out within the chamber, the chamber is 
not limited to chemical reactions. Other chemical associations, interactions, or fluid 
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processing steps may take place within what will hereafter be referred to as a reaction 
chamber. The device may also be referred to as a reaction chamber forming device or 
hybridization chamber forming device. It is contemplated that the slide may be a 
microarray slide, a histology slide, a cytology slide, or any slide formed of glass or other 
5 material bearing biological or chemical samples of various types. Moreover, the substrate 
need not be a slide, but may be any other surface capable of being sealed to device 1 such 
that a region that is to be subjected to processing will be contained within the chamber thus 
formed. 

FIG. 2 breaks down device 1 into its components. In the embodiment of device 1 

10 depicted in FIG. 2, the main structure of device 1 is a three-layer laminated structure, 

formed from main support layer 11, mixing bladder layer 9, and diaphragm layer 7. Main 
support layer 1 1 provides structure for the device. Attached to main support layer 1 1 is the 
mixing bladder layer 9. Within mixing bladder layer 9 are openings 10 for the formation of 
mixing bladders. Mixing bladder openings 10 are aligned with ports 15 in the main support 

1 5 layer 1 1 . Diaphragm layer 7 is attached to the mixing bladder layer 9. The diaphragm layer 
7 forms the floor of the mixing bladders, while the mixing bladder layer 9 forms the walls 
and the main support layer 1 1 forms the ceiling of the mixing bladders. Device 1 may be 
attached to a substrate such as glass microarray slide 3 by adhesive gasket 5 thereby 
forming a reaction chamber 13 that contains microarrayed spots, as illustrated in FIG. 3. 

20 Main support layer 1 1 includes inlet 17 and outlet 19, which allow materials to be loaded 
into or removed from the reaction chamber with the use of devices such as micropipettes or 
syringes. There are also openings for inlet 17 and outlet 19 in mixing bladder layer 9 in 
alignment with inlet 17 and outlet 19 openings in main support layer 1 1 . Diaphragm layer 7 
also has openings for inlet 17 and outlet 19 in alignment with inlet 17 and outlet 19 

25 openings in main support layer 1 1 and inlet 17 and outlet 19 openings in mixing bladder 
layer 9. When the components of the device are assembled, inlet 17 and outlet 19 permit 
fluids to enter and exit the reaction chamber. Notches 6 and 8 in adhesive gasket 5, visible 
in FIG. 2, align with inlet 17 and outlet 1 9, so that the inlet 1 7 and outlet 19 are supported 
by the adjacent gasket material so that the reaction chamber does not collapse under the 

30 pressure of pipetting devices used for filling and emptying of the chamber. The inlet and 
outlet are compatible with devices suitable for introducing or extracting liquids, such as a 
micropipette or syringe. Removal tab 27 projects over the edge of microarray slide 3 
allowing a user of the device to easily remove device 1 from microarray slide 3. Although 
reactions carried out in the reaction chamber formed by device 1 will normally be 
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performed with liquid solutions, both inlet 17 and outlet 19 are preferably adapted to 
accommodate the flow of both liquids and gases. Upon initial filling of the reaction 
chamber, air present in the reaction chamber will escape out of outlet 19 as liquid is loaded 
via inlet 17. If a second solution is loaded into the reaction chamber, the first liquid will be 
5 forced out of outlet 19. Moreover, in some cases it may be desirable to inject air into 

reaction chamber 13 via inlet 17 to push out liquid already present therein. Therefore, the 
term fluid, as used herein, is intended to refer to both liquids and gases or gaseous mixtures. 

FIG. 3 is a cross sectional view of device 1 attached to slide 3. The layer closest to 
the substrate, in this case a glass microarray slide 3, is adhesive gasket 5. Adhesive gasket 5 

1 0 is also attached to diaphragm layer 7. Both inlet 17 and outlet 19 penetrate through the 

main support layer 11, mixing bladder layer 9, and diaphragm layer 7 of the device and are 
in fluid communication with reaction chamber 13. Ports 15 penetrate through main support 
layer 11 and connect to mixing bladders 23. Ports 15 are utilized to introduce pressure 
differentials to mixing bladder 23 and are compatible with connectors 25, which in this 

1 5 embodiment may be secured over ports 1 5 with adhesive, and which provide for connection 
to pneumatic tubing 16 capable of transferring pressure differentials from pressure source 
24, which may be a pump, compressor, or other such device. A number of fittings may be 
used for connecting pneumatic tubing to the ports in the various embodiments of the 
microarray interface device, as are known or may be devised by those of ordinary skill in 

20 the art. 

As shown in the exploded view of FIG. 2 and the cross-sectional view of FIG. 3, 
adhesive gasket 5 defines the length, width, and height of reaction chamber 13. The internal 
dimensions of the gasket are preferably large enough to accommodate all of the arrayed 
spots. The ends of the opening in the gasket taper toward the fill and outlets to prevent the 

25 entrapment of air during loading. As shown in FIG. 4, the external dimensions of the device 
should be small enough to allow slide 3 to protrude past the edge of device 1 on one end of 
the slide to aid in disassembly and to allow room for appropriate identification such as bar 
code 26. A label 28 bearing a bar code or other identifying mark or information may also 
be placed on device 1. The gasket is preferably wide enough to allow for a reliable seal but 

30 narrow enough to not adhere to the slide so strongly that there is significant risk of slide 

breakage during disassembly. It is desirable to make the thickness of the adhesive gasket as 
small as possible to reduce the volume of the reaction chamber 13. For example, a .025 mm 
thick adhesive gasket that encloses a 20.5 mm x 55 mm array area as used in one presently 
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preferred embodiment of the invention produces a reaction chamber with a volume of about 
38 

Multiple versions of the microarray interface device can be produced with minor 
modifications in the laminated structure. Different versions will allow the units to interface 
5 with slides having a variety of array configurations while still being fully compatible with 
other components of a reaction system, which may include a hot block interface device, 
pneumatic tubing, clamp, and assembly jig. These modifications involve varying the length 
and width of the opening(s) in adhesive gasket 5 and relocating the positions of the mixing 
bladders 23, port 15, inlet 17, and outlet 19. 

10 As illustrated in FIG. 2 and FIG. 3 the device may contain one or more air driven 

mixing bladders that may be reciprocally inflated and collapsed, to cause agitation and 
mixing of the solution within reaction chamber 13 on microarray slide 3. Diaphragm layer 
7 forms the ceiling of reaction chamber 13. The portions of diaphragm layer 7 underlying 
mixing bladders 23 are displaced into or out of processing chamber 13 when mixing 

15 bladders 23 are inflated or deflated respectively. Pressure source 24 can be used to generate 
pressure differentials. Various types of pumps may be used as pressure source 24, and may 
be used in combination with various configurations of valves, manifolds, etc. to provide 
positive or negative pressure signals to mixing bladders in one or more devices in a desired 
pattern. 

20 In the embodiments of the invention depicted in FIGS. 2-4, ports 15 exit device 1 

via the top surface, with the openings located over reaction chamber 13. As described in 
connection with FIG. 3, pneumatic tubing 16 from pressure source 24 connects to 
connectors 25 attached to the surface of device 1 over ports 15. Because the port 
connections are located over reaction chamber 13, care must be taken not to apply excessive 

25 pressure to the device, which could in turn damage the microarray on the surface of slide 3. 
In order to eliminate this concern, and to make it possible to form port connections by 
clamping rather than an adhesive, in an alternative embodiment of the invention, port 
openings located in removal tab 27, with channels passing through the tab between the port 
openings and the mixing bladders. 

30 FIG. 5 depicts an exemplary embodiment of the device in which ports 1 5 are located 

in removal tab 27 rather than the top surface of device 1, with channels 51 providing 
communication between ports 15 and mixing bladders formed by openings 10 in mixing 
bladder layer 9. In this embodiment, in addition to the layers mentioned previously, 
adhesive channel layer 49 and top layer 47 are added. The device thus includes top layer 
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47, adhesive channel layer 49, main support layer 11, mixing bladder layer 9, diaphragm 
layer 7, and adhesive gasket 5. As described previously, adhesive gasket 5 functions to 
adhere the microarray interface device to a substrate such as glass microarray slide 3. In 
this embodiment, ports 15 in protruding removal tab 27 may interface with pressure lines 
5 from a pressure source. Removal tab 27 may be clamped against O-rings or other sealing 
devices to carry pressure differentials through channels 51 in adhesive channel layer 49. 
Channels 51 penetrate through main support layer 1 1 and terminate in openings 10 in 
mixing bladder layer 9. Length, width and depth of channels 51 are defined by channel 
layer 49. The channels are bounded by top layer 47 and main support layer 1 1 . The mixing 
1 0 bladders are contained within main support layer 1 1 and diaphragm layer 7, with mixing 
bladder layer 9 forming the width, length, and depth of the mixing bladder. Inlet 17 and 
outlet 19 extend through all layers except adhesive gasket 5 and terminate in the reaction 
chamber. Channels 51 extend through diaphragm layer 7, mixing bladder layer 9, main 
support layer 1 1, and channel layer 49, and terminate in ports 15, which open on the 
15 underside of removal tab 27 in the embodiment of FIG. 5. 

In the embodiment of FIG. 5, a five layer main structure is depicted, with mixing 
bladder openings 10 and channels 51 formed in separate layers. However, various 
alternative configurations using larger and smaller numbers of layers may be used to form 
the main structure of device 1 with channels extending through removal tab 27. For 
20 example, channels 5 1 may be formed in mixing bladder layer 9, continuous with openings 
10. Alternatively, channels may be formed in different layers of the structure. Various 
equivalent designs for forming mixing bladders, channels, ports, and fill and outlets within 
device 1 may be devised by those of ordinary skill in the art and are considered to fall 
within the scope of the invention. Moreover, openings 15 connecting to channels 51 may be 
25 located on either the lower side of removal tab 27, as depicted in FIGS. 5 and 1 2, or the 

upper side of removal tab 27, as depicted in FIG. 6. Though less preferred, it would also be 
possible for openings 15 to exit device 1 on an edge rather than a top or bottom surface. 

In use, device 1 is first adhered to slide 3 to form a reaction chamber 13 on slide 3, 
as depicted in FIG. 6. Solution is then loaded into reaction chamber 13 through sample inlet 
30 17 with, for example, a syringe or micropipette 44. It is important that syringe or 

micropipette 44 forms a sealing fit with edge 20 of inlet 17. It is also important that when 
syringe or micropipette 44 is sealed against edge 20 of inlet 17, tip 50 does not touch the 
surface of slide 3, as this may damage the surface of the slide and compress tip 50, thereby 
impeding the flow of fluid. As fluid enters reaction chamber 13, air may escape via outlet 

S 
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19. Alternatively, if reaction chamber 13 is compressed or evacuated prior to filling, it may 
not be necessary to provide an outlet through which air may escape. However, normally on 
the initial filling of the device, outlet 19 will be left open. On subsequent fills, liquid 
displaced from reaction chamber 13 may be collected in waste collection cap 41, shown in 
5 position over outlet 19 in FIG. 6, and described in detail subsequently. Inlet 17 and outlet 
19 are preferably small to minimize the dead volume contained within, and may be 
supported from below by adhesive gasket 5 adjacent to notches 6 and 8, as discussed 
previously, such that they do not collapse against the surface of slide 3 when pressure is 
applied by a pipette or, more preferably, a micro syringe fitted with a standard pipette tip 

1 0 used to introduce solution into reaction chamber 13. It has been found that a positive 

displacement pipettor that has minimal or no dead air space above the liquid sample, e.g. an 
Eppendorf Combitip™ pipettor, is especially suited for generating pressures sufficient to 
load fluid into the reaction chamber. Following addition of a solution, each of inlet 17 and 
outlet 19 may be sealed with a plug 21 as illustrated on outlet 19 in FIG. 3, or with a piece 

1 5 of adhesive tape 22, as illustrated on inlet 17 in FIG. 3. If pieces of adhesive tape are used, 
they are preferably manufactured with non-adhesive tabs for easy manipulation. Plugs 21, 
as illustrated in FIG. 6, may be machined, molded, etc. from plastic, metal, or other suitable 
materials. 

A preferred embodiment of the invention has two pneumatically driven mixing 
20 bladders. The device may also be made with just one mixing bladder, or with more than 

two mixing bladders. It is also within the scope of the present invention to produce mixing 
in multiple reaction chambers with the use of just one or two mixing bladders, by having 
each mixing bladder overlie portions of all or some of the reaction chambers. In particular, 
as shown in FIG. 7, multiple parallel elongated reaction chambers may be formed with the 
25 use of gasket 5 having multiple parallel slots 61 , and the mixing bladders defined by 
openings 10 in mixing bladder layer 1 1 may be positioned to overlap the ends of the 
reaction chambers. Other arrangements of multiple reaction chambers are also possible. 
Multiple openings having any other suitable configuration, rather than multiple parallel slots 
61 as depicted in FIG. 7, may be used to form multiple reaction chambers on the substrate. 
30 It is also possible to have multiple inlets 17 and outlets 19 to access these multiple reaction 
chambers. Ports 15 function as described previously. 

The interface device can be modified to interface with slides 3 that are spotted less 
than 8mm from one edge of the slide. The gasket of the standard device would cover some 
spots of such slides. To avoid this, adhesive gasket 5 may be squared off on one end 53, as 
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in the alternative embodiment shown in FIG. 8. However, there is no area at this end of the 
reaction chamber where a diaphragm can be placed such that it would not contact array 
spots when inflated. To avoid potential damage to these array spots, mixing bladder layer 9 
is modified to contain two or more narrow openings 100 and 101, neither of which is driven 
5 by reciprocating air pressure. Openings 100 and 101 are formed at squared end 53 of the 
adhesive gasket 5, and when component layers of FIG. 8 are pressed together, form 
deflection chambers with dimensions defined by mixing bladder layer 9 and contained 
between main support layer 1 1 and diaphragm layer 7. Rather than being attached directly 
to a pressure source, this passive deflection mixing bladder responds to the fluid pressure 
1 0 created by an actively inflated and/or deflated force mixing bladder by deflecting passively 
inward or outward. The force mixing bladder is formed by opening 31 in the mixing 
bladder layer. The force mixing bladder may have dimensions identical to the mixing 
bladder discussed previously. Openings 100 and 101 may be connected by one or more 
channels 102 in the mixing bladder layer 9. At least one vent 14 in main support layer 1 1 
15 connects at least one opening, in this example opening 101, to the atmosphere. Ports 15, 
inlets 17, and outlets 19 function in the invention as described previously. Air escape ports 
18 extend through main support layer 11, mixing bladder layer 9, and diaphragm layer 7 and 
are in communication with the reaction chamber and allow gas to escape from the reaction 
chamber. Air escape ports 18 are compatible with caps, port adapters, and other devices 
20 used with inlets 17, outlets 19, and ports 15. 

Mixing 

As discussed previously, to drive mixing within the reaction chamber, air moves into 
and out of mixing bladders 23 via ports 15 and channels 51. Ports 15 may exit device 1 on 
25 its top surface, on the top or bottom surface of removal tab 27, or even on an edge. Port 
connectors 25 may attach over ports 15 via double-sided adhesive tabs, as depicted in FIG. 
3, and connectors 25 in turn may be connected to various pressure sources 24, such as a 
reciprocating air pump or other pressure or vacuum sources. 

As illustrated in FIG. 14, alignment of connectors 25, which communicate with 
30 pressure source 24, with ports 1 5 may be simplified by mounting connectors 25 in an 

alignment means 60 that is adapted to bring connectors in proper alignment with ports 15. 
Alignment means 60 may be movably mounted with respect to a base 62 on which slide 3 
(with attached interface device 1) is positioned. Slide 3 is positioned with respect to base 62 
by fitting it into recess 64, for example, or by other means as known by those of ordinary 
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skill in the art. Alignment means 60 may be mounted with respect to base 62 (and hence 
with respect to interface device 1) in such a manner that it can be moved out of the way to 
permit positioning of slide 3 on base 62, and then moved back into position over slide 3 
such that connectors 25 are positioned correctly with regard to ports 15. In the example 
5 shown in FIG. 14, alignment means 60 is rotatably mounted with respect to base 62 by 

means of hinges 66. Alignment means 60 is depicted in an open configuration in FIG, 14; it 
would be rotated downward to bring port connectors 25 into contact with ports 15. 
Alignment means 60 may be movably mounted with regard to base 62 in such a way that it 
slides or translates, rather than rotates, into position. It would also be possible for alignment 

10 means 60 to not be connected to base 62, but to be aligned with base 62 with the use of 

alignment pins or the like. If connectors 25 are secured over ports 15 with an adhesive, it is 
not necessary for alignment means 60 to apply any pressure to hold them in place with 
respect to device 1 . In fact, if connectors 25 attach to the top surface of device 1, it is 
preferred that it not apply pressure, as this may deform the reaction chamber and possibly 

15 damage the reactants on the surface of slide 3. An advantage of using this mechani sm for 
connecting the pressure source to ports 15 is that a simpler microarray interface device, as 
depicted in FIGS. 2 and 3, can be used, rather than one with a larger number of layers and 
ports 15 in removal tab 27, as depicted in FIG. 5. 

Alternatively, a clamping connection may be made between a pressure source and 

20 ports in removal tab 27, as depicted in FIG. 12. In a preferred embodiment, the ports are 
flush with the top layer of the device, but in alternative embodiments may protrude above 
the surface of the device. In another alternative embodiment liquid may be used to carry 
pressure differentials rather than a gas such as air. 

Mixing is achieved within the reaction chamber by alternating between generating 

25 positive and negative pressures at each port thereby increasing or decreasing the pressure in 
each mixing bladder. According to Pascal's Principle, this pressure difference is distributed 
equally within the mixing bladder, resulting in bending of the diaphragm layer as discussed 
below. Separate pumps could also be used to generate pressure differentials. Pumps other 
than an air pump, including syringe pumps and compressors, could also be used. 

30 The flexible diaphragm layer responds to changes in pressure within the mixing 

bladder. The main support layer responds less to a pressure change. As the pressure within 
the mixing bladder increases, the tendency of the diaphragm layer to bend into the reaction 
chamber increases. Intrusion of the diaphragm layer into the reaction chamber displaces 
solution within the reaction chamber. Displacement of the solution results in movement of 
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the solution over any chemical spots on the surface of a microarray substrate. Likewise, 
decreased pressure in the mixing bladder sucks the diaphragm layer into the mixing bladder 
creating a vacuum for solution within the reaction chamber to occupy, resulting in 
movement of the solution over any chemical spots on the surface of a microarray substrate. 
5 By inflating and deflating the mixing bladders 1 80° out of phase, fluid may be moved back 
and forth over the surface of the slide. 

It should be noted that pressure may be transmitted to the mixing bladders by 
another gas or gaseous mixture, or by a liquid such as water, oil, etc., rather than air, with 
corresponding appropriate selection of a pressure source and possible minor modification to 
10 the interface device. References are made throughout this document to mixing bladders, 
ports, pressure lines, etc., operating in connection with air pressures, but it should be 
understood that the invention is not limited to air as the medium by which pressure is 
transmitted to the mixing bladders to generate mixing, and that other fluids (gas or liquid) 
are considered to fall within the scope of the invention as materials suitable for transmitting 
15 pressures to the mixing bladders or mixing bladders. Pressure sources may pressurize gas 
or liquids to either positive or negative pressures in order to drive mixing in the inventive 
device. 

Assembly and Manufacturing 

Various materials may be used to prepare the microarray interface device within the 
scope of the present invention. Suitable materials for use in the device may be selected to 
meet desired functional requirements including appropriate flexibility, rigidity, durability 
for the supporting layer and diaphragm layer, appropriate adhesion properties for the 
adhesive gasket material, acceptable level of outgassing for all materials, and desired 
surface properties of hydrophilicity or hydrophobicity. 

In the presently preferred embodiment of the invention, the main structure of the 
laminated interface device is constructed from alternating layers of adhesive and non- 
adhesive sheet materials, such that non-adhesive layers are adhered together by adhesive 
layers. Adhesive layers are preferably formed by adhesive sheet materials. Both adhesive 
and non-adhesive sheet materials may have openings cut through them to define mixing 
bladders, channels, fill or outlets, and other such structures. As an alternative to using 
adhesive sheet materials, it would also be possible to use adhesive materials that came in 
liquid form and were applied directly to non-adhesive layers. It would be possible to apply 
liquid adhesive materials in a pattern, by printing or silk screening techniques, in order to 
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form channels, bladders, or other structures between non-adhesive layers. Layers may also 
be bonded together with thermal or solvent means. 

Each layer of the device has properties unique to that layer. The materials 
preferred in the manufacturing of the device establish those properties. The manufacturing 
5 method employed may also be a factor in choosing construction materials. Layers in the 
device whose main purpose is to provide structure, such as main support layer 1 1 in FIG. 2 
or top layer 47 in FIG. 5, are preferably constructed from a copolyester plastic such as 
EASTAR 6763 (Eastman Chemical Co., Kingsport, TN). The diaphragm layer, which must 
deflect to produce mixing, is preferably constructed from a polyester film. 3M Scotchpar™ 

10 P581291, a polyester film having a prime coating on one surface, is used in the presently 
preferred embodiment of the invention. The prime coating surface is oriented to form the 
inner surface of the reaction chamber, and also is the surface to which the adhesive gasket 
adheres. The gasket binds more strongly to the prime coated surface than to the slide, 
making it possible to remove the hybridization chamber forming device cleanly from the 

1 5 slide. These materials are preferred for use in devices used for performing hybridizations at 
about 42°C, and it will be appreciated that for reactions performed under other conditions, 
other materials may be more desirable. Accordingly, other plastics may be used in 
construction of the device, with physical and chemical properties selected for the particular 
reaction conditions. The reaction chamber is preferably of uniform height, which is 

20 accomplished by constructing the adhesive gasket, in addition to any other layer, using 
semi-rigid, stock, sheet and film materials, which tend to be of uniform thickness. All 
materials must be compatible with any chemicals or reactants that they contact, and not be 
deteriorated by such contact, nor interfere with the chemical reactions performed within the 
device. 

25 The mixing bladder layer, adhesive channel layer, and adhesive gasket are 

preferably formed of adhesive materials. The adhesive gasket is preferably formed on the 
bottom of the device, on the diaphragm layer. Importantly, the gasket should be capable of 
creating a gas tight seal around the reaction chamber while being able to be compressed to 
create the desired chamber volume. It is important that when the device is removed from 

30 the slide, the gasket remain bound to the device and not the slide, since gasket material 

remaining on the slide would interfere with the slide reader. The adhesive must thus bind 
preferentially to the diaphragm layer rather than the slide. A variety of removable and 
repositionable adhesives may be used. Acrylic transfer film (e.g., 501 FL, 3M, St. Paul, 
MN) has been found to function in a satisfactory manner in devices used for hybridization. 
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It is available in 25 }im thickness, thus providing a 25 Jim chamber height. Other adhesives 
that may be used include, but are not limited to, acrylic, urethane, silicone, and rubber 
adhesives. Such materials are resilient and subject to plastic and/or elastic deformation. 
The adhesive gasket may be formed from a commercially available adhesive film, which 
5 may also be used to form mixing bladder layer and adhesive channel layer, as described 
above. Gasket materials may alternatively be applied to supporting layers by spray coating, 
silk screening, pad printing or other printing method that produces a suitable finish and 
thickness. The adhesive gasket may be constructed in such a way that a release liner covers 
the adhesive portion of the adhesive gasket. If the device is used in combination with a 

10 clamp to secure it to a substrate the seal or gasket could be made of any plastically 

deformable material, such as Parafilm™, or an elastomeric material such as silicone rubber, 
polyurethane, polybutadiene methacrylate rubber, or any other suitable material that can be 
compressed to create a seal. 

The assembly process is preferably performed in a particle free environment to 

1 5 avoid trapping particles between laminate layers, which can negatively impact both reaction 
chamber uniformity and reliable sealing. If the polymeric sheet materials of the preferred 
embodiment of the device are used, it is preferred that the materials are degassed by 
exposure to a vacuum for a period of time sufficient to prevent the materials from releasing 
significant amounts of gases during use of the device, which may cause the formation of 

20 bubbles within the hybridization chamber. Degassing will be accomplished most rapidly if 
the parts are degassed prior to assembly; however, it is also possible to degas the device 
subsequent to assembly. The particular degassing requirements will depend on the specific 
materials used and the specific device configuration, and the optimal parameters must be 
determined on a case by case basis. For a device constructed from the presently preferred 

25 polymeric sheet materials, we have found that degassing the parts for 2-3 hours at about 
0.05 Atm pressure and a temperature of 45° C provides satisfactory results. Following 
assembly, the device may be cleaned and packaged to ensure it stays clean. A clean device 
will form a reaction chamber that will fill reliably and produce better reaction results. 
Because positive pressure is needed to rapidly inject probe, the inlets are preferably 

30 manufactured in a uniform manner such that they seal tightly with the pipette tip or other 
device used to inject sample. Manufacturing of the inlets must not produce a lip that 
projects into the reaction chamber and interferes with filling and sealing. 

The manufacturing and assembly of the microarray interface device is important to 
ensure: 1) thickness and uniformity of the reaction chamber, 2) a highly reliable seal, 3) 
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vapor bubbles or particles are not introduced into the reaction chamber, 4) reliable filling, 
and 5) proper interfacing with other adhesive laminate microarray interface device 
components. Therefore; the materials that comprise the laminate device are preferably cut 
without introducing deformations or burrs, and assembled with sufficient alignment 
5 tolerances. For example, the various layers of the device may be cut using automated 

processes, such as die-cut processing. Other methods include but are not limited to layer cut 
processing and injection molding. 

Relationship to other Elements 

10 The microarray interface device can be used in conjunction with other elements. A 

microarray slide with attached microarray interface device may be placed on a commercial 
or custom built hot block or slide warmer. The hot block or slide warmer may hold multiple 
microarray slides with an attached device. The hot block or slide warmer serves to bring to 
and maintain at a desired temperature the slide, interface device, and any components 

1 5 reacting within the reaction chamber. In a custom built hot block device for use with the 

pneumatically actuated microarray interface device a pressure source, manifold and pressure 
line connection may be incorporated into the hot block device. As mentioned previously, an 
air pump may be connected to the device via pneumatic tubing. The tubing preferably 
connects to the ports, said ports terminating in the mixing bladder. Alternatively, openings 

20 for the transmittance of pressure differentials in the base unit may interface with ports in the 
removal tab of the device. An pressure manifold attached to a pump may be used for 
controlled distribution of pressure differentials to multiple devices simultaneously. 
Pneumatic tubing extending from the pressure manifold and attaching to the ports on the 
microarray interface device transmit the pressure differentials into the mixing bladders 

25 contained within the device. 

To assist with assembling microarray interface device 1 to glass microarray slide 3, 
and removing device 1 from the slide following hybridizations, a simple reusable alignment 
jig 33 as depicted in FIG. 9 may be used to ensure proper positioning of slide 3 and device 
1 . The edges of slide 3 are inserted into a slot comprising grooves 35 and 36 in jig 33. 

30 Grooves 35 and 36 are raised above surface 34 of alignment jig 33 preventing friction 

between surface 38 and slide 3 when slide 3 is inserted into alignment jig 33. Notches 30 
and 32 above grooves 35 and 36 allow a user of jig 33 to drop one end of slide 3 directly 
into grooves 35 and 36, to facilitate insertion of slide 3 into grooves 35 and 36. To assist 
with proper alignment of the device 1 over the slide 3, grooves 35 and 36 extend past 
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overhang 38 into recess 46. When slide 3 is fully inserted into grooves 35 and 36, the end 
portion of the slide 3 bearing bar code 26 resides in recess 46, and overhang 38 is situated at 
a distance from the end of slide 3 that is the preferred position for the end of device 1. Once 
slide 3 is positioned in jig 33, the release liner is removed from device 1 to expose the 
5 adhesive gasket. The end of device 1 opposite the removal tab is aligned flush against 

overhang 38, thus positioning device 1 in a preferred position over an inserted slide 3. The 
device 1 is then placed directly or gently rolled onto the microarray slide, so that it adheres 
to slide 3 via adhesive gasket 5. Jig 33 is preferably constructed from a rigid material such 
as plastic or metal, which will be unharmed by exposure to salts and moisture as well as 

10 possess the necessary mechanical properties. 

A brayer having a straight, rigid edge, such as an acrylic block, is run over the top of 
the device to ensure that the adhesive gasket is adhered securely to slide 3. Alternatively, a 
roller 64 may be used as depicted in FIG. 10. While being pressed firmly against device 1, 
roller 64 is moved across the length of microarray slide 1 . This supplies sufficient pressure 

15 to the adhesive gasket to ensure a proper seal and to prevent air bubbles from being trapped 
between the adhesive and the slide. In an alternative embodiment, the alignment jig may 
include a brayer apparatus that moves horizontally across the jig pressing and sealing the 
device to the slide. Another method of sealing interface device 1 to the slide is to use a 
press that applies uniform direct pressure to the interface device 1 to press it against glass 

20 slide 3 or another substrate. 

Following completion of the desired reaction and possibly removal of any fluids 
from the reaction chamber, the slide with interface device attached is replaced in the 
alignment jig. It may be desirable to maintain the slide at an elevated temperature (e.g. 
about 42° C) to facilitate complete removal of the adhesive gasket from the slide surface. 

25 Referring back to FIG. 9, indentation 39 in jig 33 allows the user to grasp removal tab 27 
portion of the device 1 and peel the device 1 away from the slide 3. The flexible nature of 
the adhesive laminate device 1 makes it possible to bend device 1 to aid in removal of 
device 1 from the slide. Although jig 33 depicted in FIG. 9 may be used in both assembly 
and disassembly of the interface device and slide, it would also be possible to construct 

30 separate jigs for assembly and disassembly, since disassembly does not require all of the 
same features of the jig as does assembly. 

Clamp 45, shown in FIG. 1 1 , may be used to secure device 1 to a substrate such as 
microarray slide 3. Clamp 45 may be mounted to instrument base unit 57, which may 
include a temperature control unit, pressure source, and so forth. Clamp 45 may assist in 
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sealing device 1 to a microarray slide 3 as well as securing microarray slide 3 to base unit 
57. Device 1 ensures good thermal contact between microarray slide 3 and base unit 57. 
Opening 59 in clamp 45 allows a user of the device to access inlets 17 and outlets 19 on the 
surface of device 1 . One opening 59 is shown but multiple openings could also be used. 
5 When clamp 45 is secured over device 1 attached to a microarray slide 3, these openings 
allow for introduction or extraction of fluids from the reaction chamber without removal of 
the clamp. Additional gaskets or O-rings may connect internal channels in clamp 45 to 
ports in the device 1 . 

In a preferred embodiment shown in FIG. 12, clamp 45 aids in sealing removal tab 

10 27 of device 1 to base unit channels 55 in base unit 57. O-rings 56 may be used to ensure a 
tight seal between base unit channels 55 and channels 51 in device L Base unit channels 
connect to a pressure source contained in base unit 57, which supplies positive and negative 
pressures to mixing bladders 23 via channels 51 to generate mixing in reaction chamber 13, 
as discussed previously. 

15 As described previously, a syringe or micropipette will be used to introduce fluids 

into reaction chamber 13 through inlet 17. A shown in FIG. 13, a disk-like inlet adapter 43 
may be placed over either inlet 17 or outlet 19. Port adapter 43 interfaces with the tip a 
micropipette, pipette, or syringe 44 stabilizing micropipette, pipette, or syringe 44 in an 
upright position. Port adapter 43 stabilizes pipette 44 in inlet 17, allowing a user of the 

20 device to use both hands to push a fluid from a micropipette or other such device into inlet 
17. As the fluid is pushed into inlet 17 and reaction chamber 13, fluid previously occupying 
reaction chamber 13 is pushed out outlet 19 and into micropipette 44 or other such device 
held by port adapter 43. Such an adapter can be constructed by drilling a hole sized to 
receive the pipette tip in a piece of plastic, which can be adhered to the interface device with 

25 double sided tape, with the hole aligned over the desired port. 

After reaction chamber 13 has been filled, an adhesive tab 22, plug 21 , or other 
sealing structure, may be placed over each inlet 1 7 and outlet 1 9 to seal reaction chamber 
13, as shown in FIG. 3. Plug 21 may be made from stainless steel, polycarbonate, or a 
variety of other materials. After the initial filling of reaction chamber 13, when additional 

30 fluid such as a wash solution or other reagent is introduced to reaction chamber 13, fluid 
already in reaction chamber 13 is pushed out of outlet 19. As illustrated in FIG. 6, waste 
collection cap 41 may be placed over outlet 19 to absorb fluid as it leaves outlet 19. Waste 
collection cap 41 may be made from various plastics or metals. Waste collection cap 41 is 
filled with absorbent material 40, such as a sponge or dry tissue, which wicks liquids 
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through outlet 19. An air vent 42 in waste collection cap 41 allows air to escape as liquid 
enters. The liquid collected in the absorbent material 40 may be disposed of or retrieved for 
analysis or reuse. 

5 Use of Microarray Interface Device 

A preferred method of utilizing the present invention is in the performance of 
hybridization reactions on a microarray slide. When the present invention is used for 
hybridization, the reaction chamber can be referred to as a hybridization chamber. The 
microarray user starts with a prehybridized and dried slide prepared using standard 

10 protocols. A release liner is removed from the microarray interface device to expose the 
adhesive gasket. This gasket is attached to the slide with the alignment jig as discussed 
above and pressed against the slide to form a seal with the use of a brayer, roller or press as 
described above. The user sets the microarray slide with attached device in a slot in a hot 
block so it can come to temperature, and moves on to assembling additional slides. The hot 

15 block has multiple slots to process multiple slides simultaneously. The adhesive laminate 
structure of the microarray interface device minimizes the thermal mass of the device 
allowing it to come to temperature quickly. Using the exemplary device described herein, 
about 38 ^1 of prewarmed (e.g., to about 42°C) probe solution is injected into the inlet using 
a micro syringe fitted with a pipette tip or a positive displacement pipet such as an 

20 Eppendorf Combitip™ pipettor, as described above. It is typically preferable to load a 
slightly larger volume of solution into the pipette to ensure complete filling. As solution 
enters the hybridization chamber via the inlet, air escapes via the outlet. The hybridization 
chamber fills more quickly and easily if the slide/lid is prewarmed (e.g., to about 42°C), 
probably due to the lower viscosity of the carrier DNA in the probe solution at higher 

25 temperatures. The inlets are sealed with adhesive tabs, the port connectors are attached, the 
mixing bladders are alternatively inflated and deflated, and the hybridization is allowed to 
proceed. Appropriate temperature is maintained by the temperature controller. 

Following hybridization, the inlet adhesive tabs may be removed. In some cases it 
may be desirable to collect the used hybridization solution and recover the probe from the 

30 solution. The used probe can be recovered as follows: prewarmed hybridization solution 
(minus DNA or other probe) is injected into inlet 17, and the hybridization probe plus 
additional hybridization solution (minus DNA or other probe, as noted above) is pushed out 
of outlet 19, where it may be collected by being pushed into or wicked into a pipette tip, 

18 

DOCtD: <WO_03015922A1_L> 



WO 03/015922 PCT7US02/24616 
piece of absorbent material, or other collection device, such as a waste collection cap 41 as 
shown in FIG. 6, placed at outlet 19. 

If the collection device is a pipette tip, it may be affixed to the outlet using a port 
adapter as shown in FIG. 13. After the recovered probe has been received in the pipette tip, 
5 a piece of tape may be placed over the top of the pipette tip to form an air tight seal, and the 
pipette tip removed from the outlet and the recovered probe solution reused as desired. The 
recovered probe may be reconcentrated using micro filtration spin columns. 

Following probe recovery the slide may be subjected to an additional washing step. 
Pre-warmed wash buffer, for example, one or two applications of 200 pi, may be injected 

10 into the inlet, and waste wash buffer that is pushed out of the outlet may be captured using a 
specially designed disposable waste collection cap, as described previously, or simply 
wicked into a piece of absorbent tissue or the like. After these washing steps have been 
completed, the device may be peeled away from the slide utilizing the alignment jig and the 
slide placed in pre-warmed wash buffer in a wash rack. Clean removal of the device from 

15 the slide is accomplished by using a diaphragm material that has a higher affinity for the 
gasket material than does the pre-hybridized slide. Once all slides are in the wash rack, the 
washing process begins. The first wash proceeds for sufficient time to minimize the time 
differences between disassembly of the first and last slide. 

It is possible to skip the wash steps prior to disassembly and disassemble the device 

20 with the assembly/disassembly jig submerged in wash buffer to prevent dehydration of the 
assay materials prior to subsequent wash steps. It is desirable to avoid dehydration of the 
assay materials, as this may lead to increased background signal. The wash buffer may be 
maintained at an elevated temperature to facilitate complete removal of the gasket from the 
slide. 

25 Although the foregoing discussion has focused on the use of the micro fluidic 

interface mixing device in connection with conventional microarray slides, the present 
invention may also be used to process cytology or histology slides, or slides with any other 
types of material which are subject to processing by delivering fluids to the surface of the 
slide. The chamber on the slide surface may be referred to as a hybridization chamber when 

30 the device is used with microarray slides, or with other slides on which DNA hybridization 
is to take place. When used with other applications, the chamber may be described as a 
reaction chamber. 
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1 . A reaction chamber forming interface device comprising: 

a) a main structure comprising a plurality of substantially planar layers 
5 laminated together; 

b) a gasket on a surface of said main structure, said gasket defining an 
open reaction chamber adapted to seal against a substrate to form a closed reaction 
chamber, said reaction chamber bounded by said substrate, a surface of said main 
structure, and said gasket; 

10 c) at least one mixing bladder formed within said main structure 

adjacent said surface; and 

d) at least one port providing communication between said mixing 
bladder and the exterior of said main structure and adapted to connect to an external 
pressure source to provide for the delivery of pressurized gas or liquid to said 
1 5 mixing bladder to produce inflation or deflation of said mixing bladder; 

wherein inflation or deflation of said mixing bladder produces deflection of at least a 
portion of said surface. 

2. The device of claim 1, wherein said pressure source delivers a pressurized 
gas or gaseous mixture to said mixing bladder. 

20 3. The device of claim 1, wherein said pressure source delivers pressurized 

liquid to said mixing bladder. 

4. The device of claim 1, adapted for use with a substrate that is a glass slide. 

5 . The device of claim 4, wherein said slide is a microarray slide. 

6. The device of claim 4, wherein said slide is a histology slide. 
25 7. The device of claim 4, wherein said slide is a cytology slide. 

8. The device of claim 1, adapted for use with a substrate wherein the surface of 
the substrate against which said reaction chamber is formed is curved. 

9. The device of claim 1, wherein said main structure further comprises a 
removal tab adapted to be grasped by a user to facilitate removal of said device from a 

30 substrate to which it is sealed. 

10. The device of claim 1, further comprising a bar code or other identifying 
mark on said main structure. 

11. The device of claim 1, wherein said device is constructed of materials of low 
thermal mass so said device can be brought to desired temperature quickly. 
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12. The device of claim 1, wherein said main structure is formed of multiple 
layers of polymeric sheet material laminated together. 

13. The device of claim 12, wherein said polymeric sheet material is degassed by 
exposure to a vacuum for a period of time sufficient to prevent the release of significant 

5 amounts of gases during use of the device.. 

14. The device of claim 12, comprising at least one layer formed of copolyester 

plastic. 

15. The device of claim 1, wherein said gasket is formed of an adhesive 
material. 

10 16. The device of claim 1 , wherein said gasket is formed of an adhesive sheet 

material. 

17. The device of claim 1, wherein said gasket is formed of a plastically 
deformable material. 

18. The device of claim 1, wherein said gasket is formed of a resilient material. 
15 19. The device of claim 1, wherein said gasket comprises a material selected 

from the group consisting of acrylic, urethane, silicone, and rubber. 

20. The device of claim 1, wherein said gasket is silk-screened onto said surface 
of said main structure. 

21. The device of claim 1, wherein said gasket is printed onto said surface of 
20 said main structure. 

22. The device of claim 1, wherein said at least one port exits said main structure 
on the side opposite said gasket. 

23. The device of claim 9, wherein said at least one port exits said main structure 
on a surface of said removal tab and is connected to said mixing bladder by an channel. 

25 formed in the interior of said main structure. 

24. The device of claim 23, wherein pressure is applied to said removal tab with 
a clamp to connect said at least one port to at least one connector from said external 
pressure source. 

25. The device of claim 9, wherein said at least one port exits said main structure 
30 on an edge of said main structure and is connected to said mixing bladder by an channel 

formed in the interior of said main structure. 

26. The device of claim 1, wherein said gasket comprises multiple openings 
adapted to form multiple reaction chambers when said device is attached to a substrate. 
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27. The device of claim 1 , fiirther comprising an inlet passing through said main 
structure and providing fluid communication between said reaction chamber and the 
exterior of said main structure. 

28. The device of claim 27, wherein said gasket comprises a notch aligned with 

5 said inlet such that the region of said gasket adjacent said notch supports said main structure 
against collapse from the pressure of a pipetting device. 

29. The device of claim 1 , further comprising an outlet passing through said 
main structure and providing fluid communication between said reaction chamber and the 
exterior of said main structure. 

10 30. The device of claim 29, wherein said gasket comprises a notch aligned with 

said outlet such that the region of said gasket adjacent said notch supports said main 
structure against collapse from the pressure of a pipetting device. 

31. The device of claim 1, wherein said main structure comprises: 
a) a main support layer; 

15 b) an mixing bladder layer formed of an adhesive material and adhered 

to said main support layer, and having at least one opening formed therein to define 
said at least one mixing bladder; and 

c) a diaphragm layer adhered to said mixing bladder layer, wherein said 
gasket is adhered to said diaphragm layer on the side opposite said mixing bladder 

20 layer. 

32. The device of claim 3 1 wherein said diaphragm layer is made of a polyester 

film. 

33. The device of claim 31 wherein said main structure further comprises a 
removal tab adapted to be grasped by a user to facilitate removal of said device from a 

25 substrate to which it is sealed, and wherein said at least one channel communicates with the 
exterior of said main structure through a port located on a face of said removal tab. 

34. The device of claim 3 1 , further comprising: 

a) an inlet passing through said main structure and providing fluid 
communication between said reaction chamber and the exterior of said main 
30 structure. 

35. The device of claim 31, further comprising 

a) an outlet passing through said main structure and providing fluid 
communication between said reaction chamber and the exterior of said main 
structure. 
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36. The device of claim 1, wherein the opening of said at least one port is 
connected to said external pressure source by sealing a connector from said external 
pressure source to said at least one port. 

37. The device of claim 36, wherein said sealing is provided by an adhesive 
5 between said connector and the opening of said at least one port. 

38. The device of claim 36, wherein said sealing is provided by pressing said 
connector and the opening of said at least one port together with a resilient sealing member 
positioned therebetween. 

39. The device of claim 36, wherein said connector is positioned with respect to 
10 said at least one port with an alignment means. 

40. The device of claim 38, wherein said connector and said opening are pressed 
together by a clamp. 

4 1 . The device of claim 1 , wherein said main structure comprises a plurality of 
alternating adhesive and non-adhesive layers. 

15 42. The device of claim 4 1 , wherein said at least one mixing bladder is defined 

by an opening in one said adhesive layer and bounded by two non-adhesive layers. 

43. The device of claim 42, wherein said main structure further comprises at 
least one channel connecting said mixing bladder and said port, and wherein at least a 
portion of said at least one channel is defined by an opening in one said adhesive layer and 

20 bounded by two non-adhesive layers. 

44. The device of claim 43, wherein said at least one channel and at least a 
portion of said at least one mixing bladder are defined by openings in the same adhesive 
layer. 

45. The device of claim 43, wherein said at least one channel and at least a 
25 portion of said at least one mixing bladder are defined by openings in different adhesive 

layers. 

46. A system for performing a reaction on the surface of a reactant-bearing 
substrate, comprising: 

a) a reaction chamber forming device comprising: 
30 i) a main structure comprising a plurality of substantially planar 

layers laminated together; 

ii) a gasket on a surface of said main structure, said gasket defining 
an open reaction chamber adapted to seal against the substrate to form a 
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closed reaction chamber, said reaction chamber bounded by said substrate, a 
surface of said main structure, and said gasket; 

iii) at least one mixing bladder formed within said main structure 
adjacent said surface; 

5 iv) at least one port providing communication between said mixing 

bladder and the exterior of said main structure and adapted to connect to a 
pressure source to provide for the delivery of pressurized gas or liquid to said 
mixing bladder to produce inflation or deflation of said mixing bladder, 
wherein inflation or deflation of said mixing bladder produces deflection of 
10 at least a portion of said surface; and 

b) a pressure source adapted to connect to said at least one port to 
deliver pressurized gas or liquid to said mixing bladder to generated mixing of fluid 
within said reaction chamber. 

47. The system of claim 46, further comprising: 

15 a) at least one connector in communication with said pressure source 

and adapted to connect to said at least one port; 

b) a base on which said substrate may be positioned; 

c) an alignment means adapted to position said at least one connector in 
correct relationship to said at least one port to whereby said connector may be sealed 

20 to said port to provide communication between said pressure source and said mixing 

bladder. 

48. The system of claim 46, further comprising a temperature control apparatus 
for maintaining said substrate, said reaction chamber forming device, and fluid within said 
reaction chamber at a desired temperature. 

25 49. The system of claim 46, wherein said reaction chamber forming device 

further comprises an inlet passing through said main structure and providing fluid 
communication between said reaction chamber and the exterior of said main structure. 

50. The system of claim 46, wherein said reaction chamber forming device 
further comprises an outlet passing through said main structure and providing fluid 

30 communication between said reaction chamber and the exterior of said main structure. 

5 1 . The system of claim 46, further comprising a waste collection cap 
comprising an outer casing containing an absorbent material and having at least one opening 
providing access to said absorbent material, wherein said waste collection cap is adapted to 
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be placed over said outlet such that fluid exiting said outlet is wicked into said absorbent 
material via said at least one opening. 

52. The system of claim 46, further comprising a port adapter having a flat 
surface adapted to fit against the top surface of said reaction chamber forming device over 
5 one of said inlet and said outlet, and a hole sized to receive and stabilize the tip of a device 
used to load fluids into said inlet or remove fluid from said outlet; wherein in used said port 
adapter is secured to the top surface of said reaction chamber forming device with said hole 
positioned over one of said inlet and said outlet, to provide proper positioning of said tip 
with respect to said port. 

10 53. The system of claim 46, further comprising an alignment jig having a slot 

comprising first and second grooves adapted to receive said substrate, an overhang 
positioned over an end of said substrate when said substrate is fully inserted in said slot, and 
an opening providing access to a surface of said substrate; wherein said opening is sized to 
permit said substrate to be placed within said opening with an end of said reaction chamber 

15 forming device aligned against said overhang, and wherein said placement of said reaction 
chamber forming device produces correct positioning of said reaction chamber forming 
device with respect to said substrate. 

54. The system of claim 46, further comprising a brayer adapted to slide across 
the surface of said reaction chamber forming device, thereby pressing said reaction chamber 

20 forming device against said substrate to form an improved seal between said reaction 
chamber forming device and said substrate. 

55. The system of claim 46, further comprising a roller adapted to roll across the 
surface of said reaction chamber forming device, thereby pressing said reaction chamber 
forming device against said substrate to form an improved seal between said reaction 

25 chamber forming device and said substrate. 

56. The system of claim 46, further comprising a press adapted to apply pressure 
to the surface of said reaction chamber forming device, thereby pressing said reaction 
chamber forming device against said substrate to form an improved seal between said 
reaction chamber forming device and said substrate 

30 57. The system of claim 46, further comprising a clamp adapted to clamp said 

reaction chamber forming device and said substrate together. 

58. The system of claim 46, further comprising a disassembly jig having a slot 
comprising first and second grooves adapted to receive said substrate and adapted to secure 
said substrate while said reaction chamber forming device is peeled off of said substrate. 

25 
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59. The system of claim 46, further comprising a sealing structure for sealing 
said inlet selected from the group consisting of adhesive tape and a plug. 

60. A method of performing a binding reaction with the device of claim 27, 
comprising the steps of: 

5 a) sealing the reaction chamber forming device of claim 27 to the 

substrate to form a closed reaction chamber; 

b) injecting fluid through the inlet into said closed reaction chamber; 

and 

c) alternately inflating and deflating said at least one mixing bladder to 
10 generate movement of said fluid within said closed reaction chamber. 

61. The method of claim 60, comprising the further step of bringing said 
substrate and said fluid within said closed reaction chamber to a desired temperature. 

62. The method of claim 60, wherein said device further comprises an outlet 
passing through said main structure and providing fluid communication between said 

1 5 reaction chamber and the exterior of said main structure, said method comprising the further 
step of causing fluid to exit said closed reaction chamber via said outlet. 

63. The method of claim 62, comprising the further step of collecting fluid 
exiting said closed reaction chamber via said outlet. 

64. The method of claim 63, wherein said fluid is collected in a pipette tip. 

20 65. The method of claim 63, wherein said fluid is collected in a waste collection 

cap. 

66. The method of claim 60, wherein said binding reaction comprises a 
hybridization reaction. 

67. The method of claim 60, wherein the fluid to be injected into the closed 
25 reaction chamber is preheated. 

68. The method of claim 60, wherein said reaction chamber forming device and 
said substrate are preheated prior to the injection of fluid through the inlet into said closed 
reaction chamber. 

69. A hybridization chamber forming device comprising: 

30 a) a lower surface formed of prime coated 3MScotchpar™ P581 291 

polyester film; and 

b) an adhesive gasket formed of 3M 501 FL acrylic transfer adhesive, 
said adhesive gasket comprising an opening defining the border of a hybridization 
chamber; 

26 
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wherein said hybridization chamber forming device is adapted to adhere to a substrate to 
form a hybridization chamber bounded by said substrate, said lower surface, and said 
opening in said adhesive gasket. 

70. The hybridization chamber forming device of claim 69, wherein said 
5 adhesive gasket has a thickness of about 25 |im. 
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